Monomeric complexes

Isomeric forms
There are three examples [4] [5] [6] [7] [8] which exist in two isomeric forms the crystallographic parameters of which are given in Table 1 [5, 6] . In both three homobidentate -S,S' ligands created around each iron (III) atom a pseudo -octahedral arrangement (FeS 6 ). The mean Fe -S bond distances are 2.456(2) Å [5] and 2.41(1) Å [6] . The mean four -membered metallocyclic rings are 72.6 and 74.4°, respectively.
Two isomeric forms of purple Fe III (η 4 -tpp)Cl differ by crystal class, one is tetragonal [7] and the other is monoclinic [8] . The iron(III) atom in the former exists in low spin (S = 0) state, while in the latter it is in high spin (S = 2) . In both of the isomers a square pyramidal environment around iron(III) is built up from one unidentate chlorine atom (at the apex) and one tetradentate tpp -N 4 ligand (in the plane).
The displacement of the iron(III) atom from the basal plane of the square plane N 4 donor atoms toward the apical chloride atom is 0.383(5) and 0.49 Å, respectively. The sum of all five (Fe-N (4x) plus Fe-Cl (1x)) bond distances are 10.388 Å [7] and 10. 491 Å [8] . This indicates that the former isomer is somewhat more thronged than the latter.
Independent molecules
There are fifty five derivatives which contain two crystallographically independent molecules and another three derivatives which contain three such molecules. Their crystallographic and structural parameters are given in Table 2 . Yellow monoclinic Fe 0 (Bu t NC) 5 [9] is the only example of Fe(0) which contains two crystallographically independent molecules. Five unidentate Bu t NC ligands created around each iron(0) a trigonal bipyramidal coordination (FeC 5 ) with the mean Fe-C eq and Fe-C ax bond distances (molecule 1 vs. molecule 2) of 1.813 and 1.824 Å vs. 1.825 and 1.835 Å.
There are sixteen iron(II) derivatives ( Table 2) . Structure of deep red derivative [10] consists of well separated sacsac + cations and [FeCl 4 ] 2-. Four unidentate chlorine atoms form around each iron(II) atom a tetrahedral arrangement with the mean Fe-Cl bond distances of 2.3213 Å (molecule 1) and 2.315 Å (molecule 2). The maximum deviation of Cl-Fe-Cl bond angles from the ideal tetrahedral angle (109.5°) are 6.3° and 6.6°, which indicates that the latter molecule is somewhat more distorted than the former.
In lavender Fe II Cl 2 (η 2 -dppe) [11] two chlorine atoms and homo -bidentate dippe -P,P' ligand created a tetrahedral environment around each iron(II) atom (FeCl 2 P 2 ). The mean Fe-Cl and Fe-P bond distances (molecule 1 vs. molecule 2) are 2.23 and 2.47 Å vs. 2.25 and 2.44 Å. The Cl-Fe-Cl, P-Fe-P and Cl-Fe-P (mean) bond angles are 118.0(4), 83.7(3) and 112.5(5)° vs. 116.2(4), 84.0(3) and 113.1(4)° which indicates that the former is somewhat more distorted than the latter.
In pale yellow [Fe II (η 2 -opdp) 2 I]•1.85(CH 2 Cl 2 ) [12] a pair of homo -bidentate opdp -P, P' ligands occupy a square plane and iodine atom (at apex) complete a square pyramidal arrangement around each iron(II) atom (FeP 4 I). The displacement of Fe(II) atom from the basal plane (P 4 ) atoms towards the apical iodine atom is 0.2 Å. The mean Fe-P and Fe-I bond distances (molecule 1 vs. molecule 2) are 2.336 and 2.632 Å vs. 2.351 and 2.646 Å. The mean five -membered P-Fe-P bond angles are 80.5 and 80.2°.
In [Fe II (η 4 -time)Cl]Cl•0.5MeOH•0.5H 2 O [13] each iron(II) has a trigonal bipyramidal environment. Tetradentate N 4 donor atoms ligand span trigonal plane by two N donor atoms and remaining two N donor atoms occupy apical positions. One unidentate chloride atom completes the trigonal plane (FeN 4 Cl). The sum of all five (Fe-N (×4) plus Fe-Cl (×1)) bond distances are 10.886 Å (molecule 1) and 10.797 Å (molecule 2). The N eq -Fe-N eq and N ax -Fe-N ax bond angles are 116.9(1) and 165.2(1)° (molecule 1) and 117.7(2) and 168.8(1)° (molecule 2). The mean N eq -Fe-Cl eq and N ax -Fe-Cl eq bond angles are 108.9 and 109.0° in the former and 105.8 and 109.6° in the latter. This indicates that the former is somewhat more distorted than the latter.
Structure of green derivative [14] consists of well separated [Fe II (η 4 -P4)Br] + cation, BPh 4 -anion and CH 2 Cl 2 molecule. In complex cation, each Fe(II) atom has a trigonal bipyramidal arrangement, two P atoms of tetradentate P 4 ligand with bromide atom form a trigonal plane and remaining two P atoms of the P 4 ligand occupied an axial positions. The sum of (Fe-N (x4) plus Fe-Br) bond distances (molecule 1 vs. molecule 2) are 11.305 vs. 11.146 Å. The former is somewhat less crowded than the latter.
In deep red [Fe II (η 5 -tsalmah)] [15] pentadentate N 3 S 2 tsalmah ligand forms around iron(II) a trigonal bipyramidal arrangement (Fig. 1) . One N atom together with two S atoms created a trigonal plane and remaining two N atoms occupies an axial position. Noticeably, the Fe-N eq bond distances of 2.20(1) Å (molecule 1) and 2.23(2) Å (molecule 2) are longer than the Fe-N ax bond distances, with the mean values of 2.13(2) and 2.14(2) Å, respectively. The mean Fe-S eq bond distances are 2.338 and 2.348 Å, respectively, The sum of all five (Fe-N (×3) plus Fe-S (×2)) bond distances are 11. 136 and 12.206 Å, indicating (FeN 6 ). The inner coordination sphere around Fe(II) atoms differ in mean Fe-N bond distances of 2.176(11,65) and 2.163(3,0) Å the first number in parenthesis is e.s.d., and the second is maximum deviation from the mean. While in the latter molecule the iron(II) atom is symmetrically coordinated with the cis-N-Fe-N bond angles deviate from 90.0° only by 0.3 , and trans-N-Fe-N angles are 180°, in the former the angles deviate by 5.0° and 6.5°, respectively. This 2.198(6,17) Br eq 2.361(4) P ax 2.274(5,25) P eq 2.163(4,23) Br eq 2.338(3) P ax 2.241(4,6) P eq ,P eq 105.0(2) P eq ,P ax 86.4(2,10.8) c P ax ,P ax 164.1(2) P eq ,Br eq 127.4(2,3.1) P ax ,Br eq 96.2(2,5) P eq ,P eq 100.5(2) P eq ,P ax 86.5(2,10.4 
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[ (FeN 6 ). The mean Fe-N bond distances are 2.176(3) Å (molecule 1) and 2.199(3) Å (molecule 2). The mean five -membered metallocyclic N-Fe-N bond angles are 78.6 and 75.5°, respectively. The inner coordination sphere around iron(II) atom in the former molecule is somewhat less thronged and less distorted than the latter molecule ( Table 2) .
In Table 2) .
There are thirty seven iron(III) derivatives which contain two crystallographically independent molecules and another three iron(III) derivatives which contain three such molecules and their structural parameters are summarized in Table 2 In Inspection of the data in Tables 1 and 2 reveals that the distortion isomers exist in the following crystal classes monoclinic (×30), triclinic (×23), hexagonal (×4), orthorhombic (×3), tetragonal and hexagonal (each ×3). The derivatives are coloured iron(0) yellow, iron(II) dark red (×8), yellow (×3), green (×2), brown (×1), lavender (×1); iron(III) red black (×8), purple (×8), orange (×3), green (×3). However, there are some examples for which colour were not given.
The mean Fe (0) The mean Fe(III)-L bond distances, elongated in the sequences: 1.945 Å (OL) < 2.00 Å (CN) < 2.07 Å (NL) < 2.22 Å (Cl) < 2.31 Å (SL) (for unidentate ligands); 1.975 Å (ter -NL) < 1.995 Å (bi-OL) < 2.00 Å (tetra -NL) < 2.01 Å (hexa -OL) < 2.17 Å (bi-PL) < 2.38 Å (1,1) 3.097 (7) 103(1,1) 76.6(8,4) 3.115 (7) 103 (1, 
[ The mean values of the sum of four-, five-and six Fe-L bond distances in the distortion isomeric derivatives (Tables 1 and 2) , less or more crowded are summarized in Table 3 
Di-, tetra-, hexameric complexes
There are thirteen derivatives (dimeric (×9), tetrameric (×3), and hexameric (×11) and twelve of them contain two crystallopraphic independent molecules and one derivative contains three such molecules. Crystallographic and structural parameters are presented in Table 4 . As was mentioned there are nine dimeric derivatives [61] [62] [63] [64] [65] [66] [67] [68] [69] , all of which contain two crystallographically independent molecules.
In red brown triclinic [Fe 2
a square pyramidal arrangements around each iron(III) atom is built up by macrocyclic tetradentate acacen ligands (O 2 N 2 ) which form a plane with µ-oxo in the apical position (FeO 3 N 2 ) . The Fe-O-Fe bridge angles are 154.6(4)° (molecule 1) and 155.6(4)° (molecule 2). The sum of all five (Fe-O(×3) plus Fe-N(x2)) bond distances are 10.06 and 9.85 Å, respectively. This indicates that the inner coordination sphere around iron(II) atom in the former molecule is somewhat less thronged that in the latter molecule.
In crystal structure of brown [Fe 2 (Fig. 4) is built up by discrete dimeric molecules. The asymmetric unit is formed by two crystallographically independent molecules. In each dimeric unit the Fe(III) atoms are symmetrically bridged by two methoxy groups. Each iron(III) atom is pseudo -octahedrally coordinated. (FeO 3 N 2 Cl). One oxygen and two nitrogen (cis) of hexadentate C 22 H 26 N 4 O 2 (2-) occupy three coordination sites, the remaining three are occupied by the two bridging methoxy groups and a terminal chlorine atom. The Fe . . . Fe separations of 3.097(7) Å (molecule 1) and 3.115(7) Å (molecule 2) rule out a direct bond. The sum of (Fe-O(x3) (Table 4) . X-ray analysis of colorless triclinic dimer, which also contains two crystallographically independent molecules shows [65] that the two equivalent moieties, groups serve as bridges between two Fe(Me 3 P)Cl moieties, with Fe-Fe bond distances of 2.805(3) and 2.840(3) Å, respectively. Each iron(II) atom has a tetrahedral arrangement (FeP 3 Cl) with different degree of distortion. The sum of (Fe-P(×3) plus Fe-Cl) bond distances are 9.419 Å in former dimer and 9.485 Å in the latter (Table 4) The data presented in Table 4 shows that there are nine dimeric, three tetrameric and one hexameric derivatives which contain two crystallographically independent molecules within the same crystal [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] 72, 73] 
Conclusions
An analysis of almost one thousand and three hundred coordination complexes shows that some (6.7%) of them exist in isomeric forms and are summarized in this review. Included are distortions (96.6%) and cis -trans (3.4%). In coordination chemistry of iron is predominantly the chemistry of Fe(II) and Fe(III) and the isomers are not an exception. The predominant geometries are tetrahedral, square -pyramidal and pseudo -octahedral (most common). The most common ligands are with N and O donor sites.
Distortion isomerism is quite abundant in coordination complexes of iron with five derivatives existing in two isomeric forms [4] [5] [6] [7] [8] . There are seventy derivates which contain two crystallographically independent molecules within the same crystal [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [22] [23] [24] [25] [26] [27] [28] [31] [32] [33] [34] [35] [36] [37] 72, 73] and even three such molecules [21, 29, 30, 38, 71] .
The cis-and trans-isomers are present in three derivatives [74] [75] [76] . The isomers were analysed from a wide variety of the data (Fe-L bond distances, L-Fe-L metallocyclic rings, chromophores, more vs. less crowded inner coordination sphere) in each section and therefore will not presented here.
Many factors affecting chemical equilibrium (total concentration, solvent, pH, molar ratio of the components, temperature, pressure, etc.) play an important role in the preparation of isomers. The above factors are important because they exhibit a great influence on the composition and structure of the coordination sphere in the initial reactants. The other external factors stabilizing a distorted configuration (one of many equivalent configurations) can be any weak low symmetry perturbation, e.g. the influence of the next (subsequent) coordination sphere, intramolecular (Van der Waals) interactions, crystal forces, hydrogen bonds, etc. The effect of distortion of the neighbouring moieties on a given center also represents at low symmetry perturbation. Low symmetry lead to the deformation of the complex, which in the case of weak perturbation is very small. Special consideration is needed for distortion isomers, whose formation is conditioned by the stabilization of not one, but two or several distorted configurations. The isomer cases discussed above seem to be due to such a compromise of the "soft" properties of the iron coordination sphere and the stabilizing properties of the crystal lattice, that the various configurations so formed have nearly equal energies and therefore the isomers exist simultaneously at the same (ambient) temperature. It is necessary to emphasize the requirement of very close energy values for isomers, which is essential for the possibility of their observation at the same (or approximately the same) temperature, narrows very much the number of possible observations of distortion isomers which themselves are in thermodynamic minima.
Noticeable, there are several monomeric derivatives, which structures were measured at the different temperatures and their parameters are summarized in Table 7 . There are several other derivatives [22, 41, 49, [58] [59] [60] , which were also measured at different temperatures, and therefore that contain two crystallographically independent molecules were already discussed in section 2.1. As can be seen except [14, 94, 104] S 4 ) are 9.084 (at room temperature) and 9.086 Å (at 233 K) .
One of the factors affecting even inner coordination sphere around central atom is temperature. In general, the inner coordination sphere about iron atoms squeezed by lowering temperature. These examples showed that the temperature, as was mentioned above, plays an important role in observation of distortion isomers (dynamic effect). 
